ume of both menisci was similar (2.444 vs. 2.438 ml; p = 0.92), the LM displayed larger tibial and femoral surface areas (p ! 0.05) and a smaller maximal (7.2 8 1.0 vs. 7.7 8 1.1 mm; p ! 0.01) and mean thickness (2.7 8 0.3 vs. 2.8 8 0.3 mm; p ! 0.001) than the medial one. Also, the LM displayed less (phys-
Abbreviations used in this paper

Introduction
The medial (MM) and lateral meniscus (LM) develop as fibrocartilaginous structures between the tibial and femoral articular surfaces of the knee joint [Doskocil, 1984; Fukazawa et al., 2009] and display only small postnatal histological changes [Meller et al., 2009] . It is commonly assumed that the menisci develop as discoid structures, but a recent study in 106 fetal human knee joints found that the medial tibial (MT) plateau was incompletely covered by the MM during all gestational stages from week 14 to 34 [Murlimanju et al., 2010] . Whereas a discoid LM is a relatively frequent (but often asymptomatic) finding, particularly in the Japanese population [Kramer and Micheli, 2009 ], a discoid MM is an extremely rare observation [Tachibana et al., 2003; Vidyadhara et al., 2006; Lee et al., 2007] .
At week 14, the size of the fetal meniscus and tibial plateau areas were reported to be similar in the medial and lateral femorotibial compartment [Fukazawa et al., 2009] . Whereas the increase in size of the meniscus during growth was similar medially and laterally, the tibial plateau area increased more rapidly in the medial than in the lateral compartment [Fukazawa et al., 2009] ; for this reason, the MM was found to cover a relatively smaller proportion of the MT area than the lateral one [of the lateral tibial (LT) area] at later gestational stages and in adults [Fukazawa et al., 2009] .
Functionally, the menisci distribute loads, guide movement, reduce contact stress, and protect the articular cartilage during dynamic and static joint loading [Walker and Erkman, 1975; Kurosawa et al., 1980; Messner and Gao, 1998; Eisenhart-Rothe et al., 2004; Chivers and Howitt, 2009] . The menisci were also reported to have proprioceptive and lubricating functions [Chivers and Howitt, 2009] .
Macroscopically, the MM has been described as being crescent, sickle, C, sided U and sided V shaped, incomplete discoid or (almost) completely discoid shaped prenatally [Murlimanju et al., 2010] . In the adult, the MM is generally addressed as being C shaped and the LM as O shaped, with the MM being thinner and larger, and the lateral one smaller and thicker [Chivers and Howitt, 2009] . The anterior horns of both menisci were found to be narrower than the posterior horns [Messner and Gao, 1998 ].
Microscopically, three distinct layers were described in the meniscus cross section [Petersen and Tillmann, 1998 ]:
(1) a meshwork of thin fibrils with a diameter of approximately 30 nm covering the tibial and femoral sides of the meniscus surfaces; (2) a layer of lamella-like collagen fibril bundles on the tibial and femoral surface beneath this superficial network; (3) the main portion of the meniscus collagen fibrils located in the central region and orientated in a circular manner, providing a functional explanation for the longitudinal orientation of the majority of tears in the meniscus tissue [Petersen and Tillmann, 1998 ].
Meniscus extrusion (outward displacement in radial direction towards the periphery) has been suggested to be considered a pathologic condition, when the external margin of the meniscus exceeds the margin of the tibial plateau by 1 3 mm [Costa et al., 2004] . This condition has been shown to frequently co-occur with meniscal (specifically root) tears [Costa et al., 2004; Lerer et al., 2004; Rennie and Finlay, 2006; Magee, 2008] . In epidemiological studies, meniscus extrusion (usually graded visually) and tears were found to be significantly associated with the incidence and progression [Hunter et al., 2006] of knee osteoarthritis (OA; i.e. cartilage loss), but no consistent association was found between meniscal extrusion and symptoms [Conaghan and Felson, 2004; Kornaat et al., 2006; Torres et al., 2006] .
To date there exist little to no quantitative data on the amount of coverage of the MT and LT plateau (by the meniscus), meniscus size (thickness, areas and width) and physiological amounts of meniscal extrusion. However, these data could be important in the context of meniscal tissue engineering and transplantation [Stone et al., 1994; Pollard et al., 1995; Haut et al., 1998; Glowacki 2001; McDermott et al., 2004; Stone et al., 2007; Baker et al., 2009; Van Thiel et al., 2009; Yang and Temenoff, 2009; Elsner et al., 2010] , which aim to restore normal (physiological) joint conditions. Recently, we [Wirth et al., 2010a] and others [Elsner et al., 2010; Swanson et al., 2010] developed techniques for quantitative measurement of meniscus morphology from magnetic resonance (MR) images (MRI), specifically, software for determining three-dimensional (3D) measures of tibial plateau coverage, meniscus size, and relative meniscus position (extrusion) for the total meniscus as well as its subregions (i.e. the body, the anterior and the posterior horns) [Wirth et al., 2010a ]. In the current study, we applied this technology to men from the Osteoar-thritis Initiative (OAI) (http://www.oai.ucsf.edu/datarelease/) who were without symptoms, signs or risk factors of knee OA.
Specifically, we addressed the following questions: (1) How much of the tibial plateau is covered by the MM and LM, respectively? (2) What is the size (volume, surface area, thickness and width) of the menisci (and their subregions), and do these measures differ between the medial and lateral side? (3) What is the physiological (normal) magnitude of meniscus extrusion in the medial and lateral compartment, respectively?
Subjects and Methods
Study Participants
The image data from the male reference cohort of the OAI were used for this study. The OAI is a large ongoing cohort study targeted at characterizing risk factors associated with the onset and progression of symptomatic knee OA and at identifying (imaging) biomarkers of the disease. Of the 4,796 OAI participants, 122 were recruited as a reference subcohort (public-use data set 0.F.1), of which 47 were men and 75 women. Generally, participants were recruited at the University of Maryland School of Medicine (Baltimore), the Ohio State University (Columbus), the University of Pittsburgh and the Memorial Hospital of Rhode Island (Pawtucket). Informed consent was obtained from all participants and the study was approved by the local ethics committees.
Participants of the OAI reference cohort were considered 'healthy' in the sense that they had no symptoms or signs of knee OA and that they were not exposed to common risk factors of knee OA. Specifically they showed:
• no pain, aching or stiffness in either knee in the past year; • no radiographic findings of femorotibial OA (osteophyte grade 0 and joint space narrowing grade 0 according to the Osteoarthritis Research Society International) of either knee using the clinic reading of the baseline bilateral fixed flexion radiographs [Peterfy et al., 2003] , and • no risk factors for the onset of knee OA, such as -obesity defined as a body weight of 1 170 lbs (77.1 kg) in women aged 45-69, 1 180 lbs (81.7 kg) in women aged 70-79, 1 205 lbs (93 kg) in men aged 45-69, and 1 215 lbs (97.5 kg) in men aged 70-79; -a history of knee injury, defined as having caused difficulty in walking for at least 1 week; -knee surgery; -a family history of total knee replacement therapy in a biological parent or sibling; -Heberden's nodes, defined as self-reported bony enlargements of one or more distal interphalangeal joints in both hands, and -repetitive knee bending, defined as current daily activity at work or outside work, requiring frequent climbing, stooping, bending, lifting, squatting or kneeling.
The 47 men studied here were 57 8 9 years (range 45-79 years) old, had a body height of 1.74 8 0.07 m, a weight of 79.2 8 8.2 kg, and a body mass index of 26.1 8 2.9.
MR Imaging and Segmentation
For the current study, publicly available MRI were used that had been acquired with a 3-tesla MAGNETOM Trio (Siemens, Erlangen, Germany) and quadrature transmit-receive knee coils (USA Instruments, Aurora, Ohio, USA), following the standardized OAI protocol [Peterfy et al., 2008; Schneider et al., 2008] . Specifically, the coronal multiplanar reconstructions of the sagittal double-echo steady-state (DESS) sequence with water excitation (DESSwe: repetition time = 16.3 ms, echo time = 4.7 ms, flip angle = 25°, reconstructed slice thickness = 1.5 mm and in-plane resolution 0.37 ! 0.7 mm, interpolated to 0.37 ! 0.37 mm) [Hardy et al., 1996; Eckstein et al., 2006b; Eckstein et al., 2007; Wirth et al., 2010b] of the right knees were used ( fig. 1 , 2 ). In addition, visual information was used from a 2-dimensional coronal intermediately weighted (IW) turbo spin echo (TSE) sequence (repetition time = TR = 3,700 ms; echo time = TE = 29 ms; slice thickness = 3 mm and in-plane resolution 0.37 ! 0.46 mm, which was interpolated to match the slice thickness of the multiplanar reconstructed DESSwe. Further details on the MR imaging protocol have been given by Peterfy et al. [2008] .
The MRI initially underwent quality control by an expert in quality control and in the use of the specific imaging software (R.F.). Manual segmentation was then performed by a single operator (K.B.) using specialized image analysis software (Chondrometrics GmbH, Ainring, Germany) [Wirth et al., 2010a] . In both the medial and lateral femorotibial compartment, 4 tissue boundaries were segmented manually using the DESSwe ( fig. 1 , 2 ): (1) the bearing surface of the tibial condyles (i.e. the tibial plateau area), specifically the area of the cartilage surface (AC, according to an accepted cartilage morphometry nomenclature [Eckstein et al., 2006a] of the medial and lateral condyle (MT and LT); please note that this interface is termed ACdAB, as it may also include denuded areas of subchondral bone (dAB), but not osteophytes, in pathological cases [Wirth et al., 2010a] ( fig In order to improve segmentation, sample series of coronal anatomical knee joint sections that were integrated with the software were used as a reference, as well as figures published in a series of articles on sectional anatomy of the knee joint [Burgkart et al., 1995] . In addition, in the first half of the cohort, the coronal IW TSE images were used in the meniscal segmentation, since these images are commonly used to evaluate meniscus pathology [Roemer et al., 2005; Guermazi et al., 2008; Roemer et al., 2009] . The time required for segmenting the MM and LM varied between 45 and 90 min.
The nomenclature for meniscal measures used here was adopted from a previous paper [Wirth et al., 2010a] , which itself was based on a proposal on cartilage morphometry measures [Eckstein et al., 2006a] . Anteriorly and posteriorly, segmentation started (or ended) where both the tibial cartilage and the menis- cus could be reliably identified ( fig. 2 ) ; hence, anterior or posterior meniscus extrusion could not be detected from the coronal imaging protocol [Hunter et al., 2006] due to partial volume effect of the coronal images. Internally, the MM and LM borders were defined by the internal margin of the cartilage surface of MT and LT as anatomical landmarks, because the anterior and posterior horns are continuous with the transverse and meniscofemoral ligament (and with the common bony insertions of the cruciate ligament), and because no intrinsic anatomical demarcation can be used to separate these structures. For this reason, the TA that is not covered by ACdAB can be used as a measure of meniscal extrusion (see below). The segmentations were reviewed by an expert in the quality control of cartilage and meniscus segmentations (F.E.), and adjustments were made by consensus.
3D Morphometric Analysis
The size of the tibial plateau area (ACdAB) of MT and LT was computed after 3D reconstruction and triangulation ( fig. 3 ) , as described previously [Hohe et al., 2002; Wirth et al., 2010a] . Similarly, the 3D size of TA, FA and EA were determined [Wirth et al., 2010a] . The coverage of the tibial plateau area (ACdAB) by TA was determined in absolute (mm 2 ) and relative measures (%), by labeling the ACdAB surface triangles as covered or uncovered by the MM and LM ( fig. 3 ). A precise technical description of the measurements is given by Wirth et al. [2010a] .
As measures of meniscal size, we determined the volume, the mean thickness, the maximal thickness (also termed meniscal height by other authors [Hunter et al., 2006] ), and the mean meniscal width, as described previously [Wirth et al., 2010a] . Mean bulging of the meniscus was defined as the average distance between the EA and a straight line connecting the intersection of TA to EA, and FA to EA, respectively [Wirth et al., 2010a] . As measures of meniscal position (relative to the tibial plateau area), we determined the absolute and relative area of the TA of MM and LM, not covered by the tibial plateau area (ACdAB). Further, we computed the mean and maximal distance of meniscal extrusion as the average and maximal distance between the external margin of the tibial plateau (ACdAB) and the intersection of TA and EA [Wirth et al., 2010a] . Please note that a positive value indicates an 'external' position relative to the external border of the tibial plateau whereas a negative value indicates an 'internal' position relative to the external border of the tibial plateau. The position of the internal margin of the meniscus was determined as the (mean and maximal MM/LM) overlap distance, i.e. the average and maximal distance between the external margin of the tibial plateau (ACdAB) and the intersection of TA and FA. Please note that a more negative value indicates a more 'internal' position relative to the external border of the tibial plateau than a less negative value.
In a next step, morphometric measures were computed separately for the body of the meniscus, and the anterior and posterior horns by automated division of the meniscus into these subregions [Wirth et al., 2010a] ( fig. 4 ) . Analyses in these subregions were limited to measures of thickness and extrusion (see above).
Statistical Analysis and Measurement Reliability
Mean values and standard deviations (SD) of all the measures of the 47 participants were determined using Microsoft Excel (Microsoft Corporation, Redmond, Wash., USA). Differences between the medial and the lateral femorotibial compartment were assessed using a two-tailed, paired t test, and p ! 0.05 was considered statistically significant. Since this is an exploratory study, and because the various morphometric measures were interpreted collectively rather than in isolation, no adjustment for parallel testing of multiple morphometric parameters was made.
To evaluate the intra-operator reliability of the segmentations of the OAI reference cohort data, 4 knees were re-analyzed 2 months after the initial segmentation by the same operator (K.B.), without reference to the initial segmentations. The reproducibility of the various morphometric parameters was then expressed as the root mean square SD of the test-retest measurements as suggested by Glüer et al. [1995] , and results for the intra-operator reliability are reported in table 1 . 
Results
Entire MM versus LM
The cartilage surface (ACdAB) of the MT plateau (11.8 8 1.2 cm 2 ) was significantly larger (+6.5%; p ! 0.001) than that for the LT (11.0 8 1.3 cm 2 ; table 1 ). Whereas 58.6 8 6.8% of the LT was covered with the LM, only 49.8 8 5.5% of the MT was covered with the MM (p ! 0.001). Accordingly, the surface of the tibial plateau uncovered with meniscus was greater for the MM than for the LM ( table 1 ). In the 47 cases examined, medial coverage was greater than lateral coverage in only 3 cases and medial and lateral coverage was similar in 3 cases. In no case, a discoid meniscus was observed either medially or laterally.
The volume of the LM (2.444 8 0.47 ml) was very similar to that of the MM (2.438 8 0.50 ml; p = 0.924; table 1 ). However, the LM displayed significantly greater TA and FA than the MM ( table 1 ), whereas the mean MM thickness (2.82 8 0.3 mm) was significantly greater (p ! 0.001) than that of the LM (2.67 8 0.3 mm). The same applied for the maximal thickness (7.7 8 1.3 mm for MM vs. 7.2 8 1.0 mm for LM; p ! 0.01; table 1 ). The mean LM width (10.1 8 1.2 mm) was not significantly (p = 0.398) different from that of the MM (9.9 8 1.0 mm), but the maximal width was 24% greater in the MM than in the LM (p ! 0.001; table 1 ). In both MM and LM, FA was greater than TA, and both were greater than EA ( table 1 ) . EA displayed a larger degree of bulging (0.18 8 0.06 mm) in the LM than in the MM (0.11 8 0.05 mm; p ! 0.001).
In the LM, 5.9 8 3.6% of TA was uncovered by the tibial plateau area, whereas in the MM a significantly (p ! 0.001) larger percentage of the TA (9.9 8 4.4%) was uncovered by MT ( table 1 ) due to stronger extrusion. Amongst the 47 cases examined, the uncovered area of the LM was greater than that of the MM in only 12 cases. Accordingly, the mean extrusion distance, i.e. the distance between the external margin of the tibial plateau and the intersection of the TA and EA, was also less for 
Meniscus Subregions (Anterior and Posterior Horn, and Body)
In the meniscal body, the mean LM thickness (2.59 8 0.4 mm) did not differ significantly from that of MM (2.56 8 0.3 mm; p = 0.569), whereas the maximal LM thickness (6.72 8 0.9 mm) exceeded that of MM (6.37 8 0.7 mm; p = 0.017; table 2 ). Note that this is opposite to the maximal thickness of the entire meniscus, which was significantly greater medially than laterally (see above). In the anterior horn, the maximal thickness was also greater laterally than medially, whereas in the posterior horn the opposite was observed, both for the mean and maximal thickness ( table 2 ) . Generally, the (mean and maximal) thickness in the posterior horn exceeded that in the body, and that in the body exceeded that in the anterior horn. Note that the (average) maximal thickness of the entire meniscus exceeded those in the meniscus subregions (across all participants), because the maximum was not located in the same subregion in all participants. Bulging was largest in the posterior horn (both in MM and LM) and was significantly greater in LM than in MM in all 3 subregions ( table 2 ) .
Physiological extrusion over the entire meniscus subregion (mean extrusion) was only observed in the anterior horn and body of the MM (but not in the LM), whereas some extrusion (parts of the subregion, i.e. the maximum) was observed in all subregions of the MM and LM (maximal distance of meniscal extrusion). Extrusion values differed significantly between all MM and LM subregions ( table 2 ) and amounted to 1.20 8 1.53 mm for the MM and to -2.87 8 1.36 mm for the LM.
Discussion
To our knowledge, this is the first study to directly compare morphological measures of the human MM and LM in healthy adult knees without OA, based on in vivo imaging data. Specifically, we explored the size, thickness R epro. = Intra-operator reproducibility, as determined by the root mean square SD for test-retest in 4 knees; Diff. = difference; Th = thickness of the menisci; Ex = extrusion; Bul Mean = mean bulging of the meniscus; Max = maximal. Please note that Th Max (averaged across all subjects) is smaller in the subregions than in the entire meniscus, because Th Max was not located in the same subregion in each participant.
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Cells Tissues Organs 2012; 195:353-364 361 and relative position of the MM and LM to the MT and LT cartilage. Our results show that the LM covers a significantly greater area of the ipsilateral tibia than the MM. While the volume of the LM and MM were very similar, the LM had somewhat larger surface areas (albeit a smaller maximal width) than the MM, and a smaller mean and maximal thickness than the MM. This applied in particular to the posterior horn, which generally displayed a greater thickness than the body and anterior horn in both menisci. Whereas the MM displayed some (physiological) extrusion, its external margin extending beyond the external margin of the MT, the LM rather displayed a physiological 'intrusion', i.e. its external margin was on average located internally to the external margin of the LT. The greatest physiological extrusion of the MM was observed in the anterior horn, and the greatest 'intrusion' of the LM in the body.
The OAI data were used because the inclusion criteria for the reference cohort were very rigorous, not only excluding subjects with frequent or infrequent knee pain and radiographic signs of knee OA, but also subjects with potential risk factors for degenerative joint disease. DESSwe was used for segmentation, because of its high resolution (0.7-mm slices, reformatted to 1.5-mm reconstructed double oblique coronal images, with an 0.37-mm in-plane resolution), whereas the coronal IW TSE, which is commonly used to evaluate meniscal pathology [Roemer et al., 2005; Guermazi et al., 2008; Roemer et al., 2009] , was acquired by the OAI using a 3-mm slice thickness. Since geometric measurements were performed, the voxel size is critical in obtaining accurate and precise information. Opposite to the coronal fast-low angle shot acquisition of the OAI that also provides high-resolution images but is T 1 weighted, the DESS has T 2 -and T 2 * -weighted signals that contribute to the combined DESS signal [Eckstein et al., 2006b] , enabling a clear delineation of the meniscal tissue. Another T 2 * -weighted gradient echo sequence was previously used by Bowers et al. [2007] and the authors reported satisfactory test-retest precision and good agreement between MRI-based meniscal volume measurements in cadaver specimens and water displacement of surgically removed menisci. However, because the IW TSE sequence represents a gold standard in the clinical evaluation of the meniscus [Roemer et al., 2005; Guermazi et al., 2008; Roemer et al., 2009] , we additionally used these images to assist in the readings of the DESS, by displaying them in parallel with the latter during the segmentation process, particularly in situations of unclear contrast. Moreover, DESSwe has the advantage that it more clearly delineated the cartilage surface of the tibial plateaus than the IW TSE and that it has been cross-calibrated previously [Eckstein et al., 2006b; Wirth et al., 2010b] with validated MRI sequences for measurement of cartilage thickness and surface areas [Burgkart et al., 2001; Graichen et al., 2004] . Precise delineation of the cartilage surface is particularly crucial in the context of meniscus extrusion evaluation.
Limitations of the current study are the limited sample size. However, a paired t test was applied to evaluate differences between the MM and LM in the same subjects, which is more powerful (and requires smaller samples) than unpaired comparisons between different subjects. Another limitation is the use of coronal slices; these are ideal for evaluating the meniscal body, but display partial volume effects in anterior and posterior horns and thus preclude accurate measurements of anterior and posterior extrusion, as previously described (using sagittal slices) by Hunter et al. [2006] . For the same reason, the volumes reported may be smaller than the true meniscal values, as tissue that was potentially overlapping the anterior and posterior margins of the tibial plateau area was not included in the analysis due to the reasons mentioned above. Finally, MRI were acquired in a supine position without weight bearing, whereas the meniscus has its primary biomechanical function during load bearing. However, MRI were acquired in a highly standardized position, i.e. 10° flexion [Eckstein et al., 2007a] , and a recent study showed that there were only minimal differences in the morphology and relative position of the meniscus between non-weight-bearing and weight-bearing MRI when performing analysis of MRI obtained using an MRI-compatible loading device [Frobell et al., 2009] . Using ultrasound, Verdonk et al., [2004] also did not find significant differences of LM extrusion between a supine (non-weight-bearing) position, bipodal stance and unipodal stance in 10 adults.
As previously shown using spin echo images [Wirth et al., 2010a] , the image analysis technique used here for the quantitative 3D analysis of meniscus size, shape and position also shows good intra-operator test-retest reliability in the current study, using the DESSwe images. For most parameters, the test-retest (root mean square) SD was considerably lower than the intersubject variability across the participants examined. Further, the image analysis technique used permits fully automated separation of the meniscus into the body, the anterior horn and the posterior horn [Wirth et al., 2010a] . Swanson et al. [2010] recently presented a technique for semi-automated segmentation of the meniscus in the OAI reference cohort, but the authors only evaluated the LM (but not the MM) and did not provide quantitative morphometric results. Elsner et al. [2010] also performed morphometric measurements of the meniscus in the OAI reference cohort, but only studied the MM (but not the LM).
The morphometric values reported in the current paper are in reasonable agreement with those of the small non-arthritic reference cohort studied by Wirth et al. [2010a] , with values for MM size being somewhat greater, one possible explanation being that Wirth et al. [2010a] studied women, whereas we studied men. Hunter et al. [2006] reported a height of 5.4 8 2.5 mm for the LM in a central coronal image, which corresponds well with our measurements of maximal meniscus thickness in the body of the LM. In contrast, the authors [Hunter et al., 2006] reported a height of only 2.9 8 2.0 mm for the MM, whereas our values are more than twice of that. The participants studied by Hunter et al. [2006] , however, had radiographic evidence of OA of the knee, with a greater proportion of medial than lateral femorotibial OA, and on average with various degrees of malalignment. Likely, therefore, the morphology of the meniscus was structurally abnormal, particularly on the medial side. Our results are also in some contrast with assumptions made by Chivers and Howitt [2009] , who reported the MM to be thinner than the LM. Whereas we also found a greater (maximal) thickness of the MM in the body and anterior horn, the mean and maximal thickness of the posterior horn and the entire meniscus were greater laterally than medially.
Partly contradictory assumptions have been published with regard to how much of the tibial plateau is physiologically covered by the MM and LM, respectively (i.e. 50% of the MT and 70% of the LT surface by Rath and Richmond [2000] , or 60% of the medial and 80% of the lateral plateau by Clark and Ogden [1983] . To our knowledge, the only study that performed actual quantitative measurements of tibial plateau coverage was that by Fukazawa et al. [2009] , who reported 59% meniscal coverage medially and 75% laterally. A potential explanation why we found smaller values (49% medially and 59% laterally) may be that these authors [Fukazawa et al., 2009 ] used a projectional image for quantitative determining the ratio of covered and uncovered areas, which underestimates the (internal) uncovered part of the tibial plateau that ascends towards the intercondylar area, is oblique to the image plane and is therefore underestimated in a projectional image. Also, the authors performed measurements in cadaver joints in which disarticulation may have disturbed the normal anatomy, whereas our measurement was performed in intact joints in vivo. In contrast to Fukazawa et al. [2009] , in our patients, FA (and TA) of the LM were significantly larger than those of the MM, whereas they reported similar values for MM and LM. In agreement with Fukazawa et al. [2009] , the MT plateau area was also significantly larger in our cohort than that of the LT (ratio 1.06: 1). Eckstein et al. [2009] reported the ratio of the MT versus LT plateau area to depend on the alignment of the lower limb, with a 1.18: 1 ratio in neutral knees, 1.28: 1 in varus knees and 1.13: 1 in valgus knees. This study , however, was performed in patients with moderate-severe OA, whereas the current study was performed in knees without (risk factors of) OA.
In conclusion, our results show that the LM covers a significantly greater area of the LT (59%) than the MM does of the MT (50%). The volumes of the LM and MM were similar, but the LM displayed about 4.5% larger surface areas than the MM, and (on average) an approximately 6% smaller mean and maximal thickness than the MM. The posterior horn displayed a greater thickness than the body and anterior horn in both menisci. Whereas the MM displayed some (physiological) extrusion of 1.2 mm on average, the external margin of the LM was located internally ('intrusion') to the rim of the LT (-2.6 mm on average). The greatest physiological extrusion of the MM was observed in the anterior horn, and the greatest 'intrusion' of the LM in the body. These data may guide biomechanical experimentation and theory that explores form-function relationships of the femorotibial joint as well as strategies for meniscal tissue engineering and transplantation in an attempt to restore normal joint conditions.
